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QC Blood Pool Production 

(De Jesus et al, Clin Chem 2009; 55(1); 158-164) 

Wash leuko-depleted 
blood with saline X3 

Add heat-inactivated 
serum 

Base pool 
50 ± 2% Hematocrit 

Umbilical Cord blood 
50 ± 2% Hematocrit 

5% cord blood 
95% Base pool 

50% cord blood 
50% Base pool 

0% cord blood 
100% Base pool 

100% cord blood 
0% Base pool 

QC BP QC Low QC Med QC High 



LSD Enzyme Function Assays by FIA-MS/MS 

One 3.2mm Punch 

Enzyme Reaction 
(37°C, 20 hr) 

Liquid/Liquid  
extraction 

Solid phase 
extraction 

Eluant Dry  

FIA-MS/MS Analysis 

(Zhang, XK et al,  Clin Chem 2008; 54(10):1725–1728) 

15 µl Substrate Cocktail 

ASM 

One 3.2mm Punch  
30 µl GALC  
Substrate  
Cocktail 

Elute in 70 µl 
37C, 1 hr 

10 µl 
Eluant 

GAA 

GLA 

IDUA 

ABG 



Linearity of CDC LSD Reference System 





Preparation of Dried Blood Spot Proficiency Testing 
Materials for Lysosomal Storage Disorders 

 



Preparation of Dried Blood Spot Proficiency Testing 
Materials for Lysosomal Storage Disorders 

 

Wash leuko-depleted 
blood with saline X3 

Adjust to 50% hematocrit  
with heat-inactivated serum 

Base pool 
 

Harvest EBV-transformed  
cell cultures, wash 

and cell count 

Condition-specific blood pools 
(3 ~ 5 x 107 cells/ml) 

MPS-I Pompe Krabbe 

Prepare Dried Blood Spots 

http://www.bioexpress.com/mas_assets/cache/image/2/2/f/2/x600-8946.Jpg


MPS I Enriched DBS
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Pompe Enriched DBS
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Normal Control DBS
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Krabbe Enriched DBS
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Krabbe-specific DBS Normal Control DBS 

Pompe-specific DBS MPS I-specific DBS 



Inter-Laboratory Evaluation of  
Condition-specific DBS Reference Material 

June 2012  
 

Condition # Labs Normal Pompe Krabbe 

Normal 7 7 0 0 

Pompe 7 0 7 0 

Krabbe 6 0 0 6 

Condition-specific DBS are suitable PT material 



NSQAP Pilot Proficiency Testing  
for LSDs 

 In 2013 NSQAP started a pilot proficiency testing (PT) 
program to detect enzyme deficiencies in dried blood 
spots for two Lysosomal Storage Disorders 
 Pompe Disease 
 Krabbe Disease  

 
 US laboratories performing / establishing LSD NBS tests 

were invited to participate 
 

 MPS-I will be included in the last send-out of 2015 



LSD-NBS PT Sendouts 

 DBS with “normal” enzyme activity were prepared 
from freshly-collected umbilical cord blood 
 

 Normal and condition-specific DBS were 
randomized into 5-member PT panels 
 

 PT panels were sent nine times between January 
2013 and January 2015 



Proficiency Testing Performance Metrics for  
Pompe and Krabbe in DBS* 

*Data compiled from 9 quarters, 5 specimens per proficiency testing panel 
January 2013- January 2015 



Analytical Summary Data for GAA Activity in  
Proficiency Testing* DBS (Pompe) 

Expected Results 
 (GAA Activity 

µmol/L/hr) 
 

Normal-1 Normal-2 Normal-3 
Pompe 

Abnormal Cutoff 

19.3 17.2 24.8 0.2 

  Mean SD Mean SD Mean SD Mean SD Mean Min Max 

Flow Injection Analysis 
MS/MS Non-Kit (N=28) 18.3 4.2 14.9 4.0 21.4 5.1 0.4 0.4 2.9 1.5 4.0 

LC-MS/MS (N=5) 3.5 0.4 2.3 0.2 3.9 0.6 0.9 0.1 1.5 1.0 2.9 

Digital Microfluidics (N=6) 31.6 2.7 23.5 1.1 36.0 3.4 2.8 0.4 7.2 7.0 8.0 
 

*Six quarters 2013-2014. 
 



Evaluation of an Alternative LSD-NBS  
MS/MS Test System in Development 

 

Intra-Lab Evaluation 
(Instrumentation & Reagents)  

 



Correlation of Enzyme Activity Measured  
on Two Different  MS/MS Instruments 



Correlation of Enzyme Activity Measured  
on Two Different  MS/MS Instruments 









Evaluation of an Alternative LSD-NBS  
MS/MS Test System in Development 

 

Inter-Lab Evaluation  
 





GAA IDUA 

GALC GLA 

Inter-laboratory Evaluation of QC DBS 
by Fully-Multiplexed FIA-MS/MS 



Inter-laboratory Evaluation of QC DBS 
by Fully-Multiplexed FIA-MS/MS 

ABG ASM 



For more information please contact Centers for Disease Control and Prevention 
 
1600 Clifton Road NE,  Atlanta,  GA  30333 
Telephone: 1-800-CDC-INFO (232-4636)/TTY: 1-888-232-6348 
Visit: www.cdc.gov | Contact CDC at: 1-800-CDC-INFO or www.cdc.gov/info 
 
The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the 
Centers for Disease Control and Prevention. 

National Center for Environmental Health 
Division  of Laboratory Sciences 

Use of trade names and commercial sources in this presentation is for identification 
only and does not imply endorsement by the Division of Laboratory Sciences,, National 
Center for Environmental Health, Centers for Disease Control and Prevention, the 
Public Health Service, or the U.S. Department of Health and Human Services. 
 

Thank you for your attention! 
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